We examine empirically the response of bond returns and their volatility to good and bad macroeconomic news in economic expansions and recessions. We find that the information content of macroeconomic announcements is most important when it contains bad news for bond returns in expansions and, to a lesser extent, when it contains good news for bond returns in contractions. In particular, we observe the strongest bond market response to bad news in the release of non-farm payrolls in expansions. During recessions, inflation news are relatively more important when they contain good news. We also document that macroeconomic news impacts substantially the volatility of bond returns at all maturities by increasing jump intensities and by altering the distribution of the jump size. While a large proportion of employment news results in a jump in expansions at all maturities, inflation news becomes more important in recessions and particularly at medium maturities.
Introduction
Investors receive every day a wealth of information, ranging from news about corporate cash flows to news about the economic fundamentals. Investors process this information and update their expectations of the economy's future growth, inflation, and discount rates, thus affecting asset prices. However, some macroeconomic information is more relevant than other, and the same information can have a different importance at different stages in the business cycle. Moreover, the same information can have a different impact on different assets and, even for the same asset, a different impact on returns than on volatility. This paper studies these different aspects of information jointly. In particular, we examine empirically the response of U.S. Treasury bond returns and their volatility to good and bad macroeconomic news in economic expansions and recessions.
The design of our analysis is straightforward. We first study the effect of macroeconomic announcements on bond returns using a regression specification that allows for an asymmetric impact of good and bad macroeconomic news in different phases of the business cycle. We find that the information content of the announcements is most important for bond returns when it contains bad news for the bond market in expansions and, to a lesser extent, good news for the bond market in contractions. We observe the strongest bond market response to bad news in the release of non-farm payrolls during expansionary periods. This effect is apparent at all maturities. During recessionary periods, inflation news are relatively more important when they contain good news and particularly at short maturities.
Motivated by the strong economic significance of these results, we then formulate and estimate a statistical model of bond returns incorporating jumps that depend explicitly on the timing and information content of scheduled macroeconomic news. The estimates of this model show that macroeconomic news has a substantial impact on bond volatility by increasing jump intensities and by affecting the distributions of the jump size. The relation between macroeconomic news and jumps, however, depends on the combination of the announcement type, the maturity of the bond, and the phase of the business cycle. Specifically, the proportion of releases resulting in a jump decreases dramatically for short maturities and is generally lower in recessions. Jumps on announcement days are associated predominantly with non-farm payroll releases, but inflation news becomes relatively more associated with jumps in recessions and at medium maturities.
The estimation of the model of bond returns with jumps confirms the findings from the regression analysis that the response of the term structure to the macroeconomic release depends on the multifaceted aspects of information. More importantly, the estimates provide a detailed account of jump dynamics as a primary conduit through which macroeconomic information enters the bond market.
A number of papers investigate the effect of macroeconomic announcements on financial markets along different lines. Fleming and Remolona (1999) study the effect of macroeconomic news on bond returns, while Jones, Lamont and Lumsdaine (1998) document the effect on bond volatility. 1 However, they do not condition their analysis on different phases of the business cycle and they do not disentangle the effect of good versus bad news. Recent work by Boyd, Hu and Jagannathan (2005) investigates the response of stock and bond market returns to civilian unemployment rate news in expansions and recessions, but they do not consider the release of non-farm payrolls and, most importantly, they do not separate the effect of good versus bad news. Andersen, Bollerslev, Diebold and Vega (2003) show that the responses of foreign exchange rates to macroeconomic news vary with the sign of the news. However, their sample period is all in an expansion phase of the business cycle. The contribution of our paper is thus to show that the effect of macroeconomic announcements on bond market returns and volatility depends jointly on the type of news, on the sign of the news, and on the phase of the business cycle.
The paper proceeds as follows. In Section 2, we describe the announcements and bond market data. In Section 3, we present the results of our regression specification. In Section 4, we describe and estimate the jump model. Section 5 concludes.
Data
Our data has a number of key features that allow us to address our research questions. First, it covers a long sample period including several expansions and recessions. Second, it contains detailed information on the timing and content of macroeconomic news. Lastly, our bond market data is observed at a daily frequency, so that we can precisely relate asset prices to macroeconomic releases. This section describes the announcement data, the data characterizing the stages of the business cycle, and the U.S. Treasury bond market data.
1 Other papers document the effect of macroeconomic news on bond returns or volatility for different sample periods, announcement sets, underlying assets. Recent work by Christiansen and Ranaldo (2007) and Brenner, Pasquariello, and Subrahmanyam (2006) focus instead on the effect of macroeconomic news on comovements of stock and bond markets.
2 Andersen, Bollerslev, Diebold and Vega (2007) study a more comprehensive set of macroeconomic announcements with respect to Boyd, Hu, and Jagannathan (2005) , but their sample period includes only one short recession. Furthermore, they also do not separate the effect of good versus bad news.
Survey and Announcement Data
We obtain data on the dates, release times, actual released figures, and median forecasts for five of the most important U.S. macroeconomic information releases from Money Market Services (MMS) and Informa Global Markets, covering the period from February 1980 through December 2003. MMS conducts a survey of about 40 money market managers on the Friday of the week before the release of each economic indicator. MMS reports the median forecast from the survey, which is made available to the market and the business press immediately after the survey is taken. The availability of a direct measure of the expected release -the median forecast -allows us to avoid potential biases of using timeseries econometric models to infer market expectations.
We consider a set of four key announcements describing inflation dynamics by the consumer price index (CPI) and the producer price index (PPI) and labor market dynamics by the civilian unemployment rate (CUR) and non-farm payrolls (NFP).
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These announcements are released widely and virtually instantaneously at a precise scheduled time. The statistical agencies impose lock-up conditions to ensure that the information is not released to the public before the scheduled time (see Fleming and Remolona, 1999) . These announcements are all timed at 8:30am ET and are monthly. A majority of the announcements occur on a Friday and the employment report (CUR and NFP) is normally the first government information release concerning economic activity in a given month. Panel A of Table 1 describes in more detail the macroeconomic announcements in our sample.
Several studies have examined the accuracy of the MMS forecasts. We find strong evidence that the MMS median forecast has predictive ability for the actual release. We also find that the median forecast is usually an unbiased predictor. We observe only one case in which the median forecast is not an efficient predictor. This happens whenever the prediction of the CPI, which is always announced after the PPI, is collected before the PPI actual release. In these few cases, the market learns about inflation from the PPI release and the median forecast of the CPI should take this into account.
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We thus obtain the expected CPI as a result of a regression on the median MMS CPI forecast and the actual PPI release.
3 In a previous version of this paper, we have also considered the announcements of the Federal Open Market Committee federal funds target rate (FOMC) to describe the conditions of the money market. However, we have not found any significant result and thus we have decided to leave it out. The FOMC could be irrelevant in our setting because of the potential inaccuracy of the MMS forecast of FOMC with respect to market based forecasts (e.g., Bernanke and Kuttner (2005) use the prices of the Federal Funds Futures). Another reason could be that changes of the target rate occur sometimes outside the scheduled eight meetings per year. 4 We find that in our sample period the actual PPI has strong predictive ability for the actual CPI and thus PPI information is relevant in determining CPI predictions.
Expansions and Recessions
We measure expansions and recessions using the experimental coincident recession index (XRI-C) constructed by Stock and Watson (1989) and available for all our sample period. The XRI-C is a monthly estimate of the probability that the economy was in a recession, constructed using four series of leading indicators such as industrial production, real personal income less transfer payments, real manufacturing and trade sales, and total employee-hours in non-agricultural establishments.
An important feature of the XRI-C is that it establishes a real-time public forecasting record. It uses only information that is publicly available at a certain point in time. In contrast, the NBER business cycle dates for expansions and recessions make use of information that becomes available later. Since we aim to describe the different response of the bond markets to macroeconomic news according to the perceived state of the economy, we use the XRI-C in our empirical analysis. The correlation between a dummy variable reflecting the NBER business cycle dating and the XRI-C is equal to 0.78 during the period 1980-2003. It is also interesting to note that the economy was in a recession phase, the XRI-C indicator was above 50%, for about 15% of the time during our sample period 1980-2003.
Futures Data
We focus on the futures market as opposed to the cash market because futures contracts are typically used to speculate on events such as macroeconomic news and because futures market prices are not affected by the liquidity biases of the cash market (e.g., the on-the-run versus off-the-run spread).
5
We obtain daily prices of a set of U.S. Treasury bond futures that require delivery of bonds with different maturities. The contracts mature in March, June, September, and December. More specifically, we obtain data for the 30- We also obtain data for the 90-day Treasury bill futures (from February 1980 to August 2003 , traded at the CME.
In Table 1 , Panel B and C, we show summary statistics for daily returns computed on the settlement prices of all these futures contracts.
Regression Model

Methodology
To gauge the extent to which an announcement contains new information, we construct the following standardized measure of surprise:
where A kt is the value of the main statistic released in announcement k at time t, X kt denotes the corresponding median survey forecast, and σ k is the (unconditional) empirical standard deviation of the innovations A kt − X kt . Standardizing the surprise by σ k allows us to compare the regression coefficients across different announcement types. We allow different announcement surprises to have different effects on the bond returns and we also allow these effects to be different in expansion versus recession phases. We thus estimate for each announcement type the following regression:
where r t,t−1 represents the day-to-day return for each of the Treasury bond futures and XRI t is the probability of being in a recession phase at time t as indicated by the value of the recession index XRI-C.
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We further examine whether the announcement effects vary with the sign of the surprise. For this, we generalize equation (2) by allowing for different slope coefficients depending on the good and bad news as follows:
where G kt = 1 and B kt = 0 if the information released in announcement k at time t is good news (for the Treasury market) and G kt = 0 and B kt = 1 otherwise.
For the announcements considered in this paper, CUR and NFP are always released jointly in the Employment Report. In this case, we include both the CUR and the NFP surprise in the regression of equation (2) to isolate the marginal effect of each announcement type.
7 Whether an announcement is good or bad news for the bond market is ultimately an empirical question. However, to facilitate interpretation and consistency of our results, we define as good (bad) news all negative (positive) surprises. Table 2 presents the results of estimating equation (2) on bond returns at five different maturities. The importance of allowing for different effects of macroeconomic news in expansions and recessions is apparent. Macroeconomic news matters more in expansions, as the statistical significance of the coefficients readily shows. This asymmetric effect is striking also economically. For the release of NFP, which is generally significant both in good and bad times, the effect of a surprise in expansions is on average 30% larger than in recessions.
Results
Another general result in Table 2 is the negative signs of all the statistically significant coefficients, with the exception of the coefficient on the civilian unemployment rate (CUR). The release of a higher (lower) than expected CPI, NFP, PPI or a lower (higher) than expected CUR are all bad (good) news for the bond market, since they lead to negative (positive) bond returns. These effects are most relevant for the release of NFP. In particular, our results that employment report surprises matter for bond returns in recessions are in contrast with the non-significant findings of Boyd, Hu, and Jagannathan (2005) . This discrepancy could be due our use of richer information, including NFP numbers besides the CUR as well as real-time market-based expectations versus model-based expectations.
The results of Table 2 do not allow to disentangle the effect of good and bad news in expansions and recessions. We may have reasons to believe, however, in an asymmetric response of bond prices in good and bad times. For example, we could think of an asymmetric Fed reaction function by which, at the beginning of an expansion with low rates, positive economic news raise the likelihood of future increases in the target rate by more than bad news raise the likelihood of future decreases in the target rate.
For this purpose, we estimate the richer specification of equation (3) and present the results in Table 3 . We observe that the explanatory power of this specification basically doubles for the release of the CPI and slightly increases for the employment report and the PPI. The overwhelming evidence is that bad news is what matters in good times and, to a slightly lesser extent, good news is what matters in bad times. When signals of overheating of the economy materialize, because of higher than expected releases of CPI or NFP with the economy in an expansion phase, bond returns show a negative response at all maturities.
In contrast, signals of a deteriorating economy in a recession, e.g., the release of lower than expected NFP, determine positive bond returns. Bond returns also seem to have a positive response to news of a decelerating economy in expansions arising from lower than expected NFP or lower than expected PPI. Finally, news of an accelerating economy in recessions do 8 Notice that we defined a negative surprise as good news. As a result, all the estimated coefficients on good news are multiplied by negative quantities and thus have an opposite effect on bond returns. not seem to impact bond returns at any horizon.
The interpretation of these results and the comparison of the economic significance across maturities is more meaningful if we translate the effect of a surprise on returns to the effect of a surprise on yields. We map returns into yields using a simple duration adjustment for each segment of the yield curve, using the standard formula for the modified duration:
where dP/P is the return on the underlying, D m is the modified MacCauley duration, and dY is the change in yields. We obtain the return on the underlying dP/P as the return generated by a one-standard deviation announcement surprise. We then calculate the duration of each Treasury futures contract as the modified duration of a deliverable bond with the average maturity in the maturity range.
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Using the measure for bond returns suggested above and the appropriate modified duration, we obtain a measure of the effect on yields.
In Figure 1 , we use the formula in (4) and the estimates of Table 3 to plot the effect of a one standard deviation surprise in CPI, NFP, CUR, and PPI on bond yields at different maturities. The upper plot shows that in good times the effect on yields of bad news is greatest at the shorter horizon and declines for longer maturities. The NFP, and the CPI to a lesser extent, are the only announcements that, besides showing the strongest effect on short-term yields, have economically significant effect on yields at longer maturities. The central plot shows that the effect of good news in bad times is dominated by CPI and CUR at the short-horizon, whereas only the release of NFP has consistent significant impacts on longer yields. The bottom plot shows that the effect of good news in good times is weaker in economic terms with respect to the previous cases and is concentrated in the short-end of the yield curve.
4 State-Dependent Jump Model
Methodology
Our econometric specification for the volatility of bond returns builds on the model of Maheu and McCurdy (2004) for individual stock returns. We model innovations to the daily log return as the sum of a heteroskedastic shock associated with diffusive information flow and a jump term capturing the effect of a sudden release of important news.
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However, the Maheu and McCurdy's autoregressive conditional jump intensity parametrization is not well suited for the bond market, because anecdotal evidence shows that jumps tend to occur on macroeconomic announcement days and these information releases are not autocorrelated.
Therefore, we explicitly allow the jump arrival rate to increase on announcement days. We also let the jump size mean on announcement days to depend on announcement surprises.
We start by specifying the log futures return as the sum of a time-varying conditional mean, a normal innovation 1,t+1 representing diffusive information flow, and a jump innovation 2,t+1 representing the effect of sudden information arrival:
We assume that both innovations have a conditional mean of zero and are contemporaneously independent. Furthermore, the first innovation is distributed:
The second innovation is governed by a Poisson jump distribution with a time-varying conditional jump intensity λ t . That is, the conditional probability of observing n t+1 = j jumps between dates t and t + 1 is:
The jump innovation can then be expressed as:
where Y t+1,k represents the size of the kth jump, if it occurs, drawn independently from a normal distribution with time-varying conditional mean θ t+1 and constant volatility δ.
10 Some other papers in the literature have used econometric specifications with time-varying jump intensities. For example, Bekaert and Gray (1998) and Neely (1999) both model probability of realignments for target zones exchange rates as a function of interest rate differentials and other economic variables. Das (2002) allows the jump intensity of Fed fund rates to vary with the day of the week or with FOMC meetings.
Conditional Variance
The conditional variance of returns is also divided into two components. First, we assume that the volatility of the normal innovation 1,t+1 follows a standard GARCH process:
where t denotes the sum of the two return innovations 1,t + 2,t . This specification allows both return innovations to affect future volatility through the coefficient α and for volatility shocks to be persistent through the coefficient β. Second, the conditional volatility of the jump innovation 2,t+1 is governed by the jump process and is given by:
The conditional variance function of equation (10) constrains the normal and the jump innovations to affect future volatility in the same way through the parameter α. However, the two components of t could have in general a different effect. Since we cannot perfectly disentangle the two innovations from observed returns, we use a proxy for the importance of the jump innovation. We thus estimate the ex-post expected number of jumps occurred during period t and allow this estimate to affect the feedback of past innovations on expected future volatility:
where E n t Φ t is the ex-post estimate of the expected number of jumps occurred between time t − 1 and t using period t information.
Given the focus of this paper on asymmetric effects of good versus bad news across the business cycle, we also estimate richer specifications of the conditional variance function of equation (12). More specifically, we model the conditional variance as follows:
where E n t Φ t is again the ex-post estimate of the expected number of jumps occurred between time t − 1 and t using period t information, I ( t ) is an indicator variable equal to one when t < 0, and XRI t is the recession index XRI-C at time t.
12
The function g Φ t needs to be positive to have a well-specified GARCH process. However, this constraint is never binding with the parameter estimates obtained in the empirical section of this paper.
Expected volatility responds to past innovations through the function g (.) . This function allows the feedback to be unconditionally different in expansions versus recessions (α exp and α rec ). The feedback can also be different depending on whether the observed innovation has likely been a jump, through the additional effect of α j . Furthermore, observed negative innovations also generate an additional response of volatility, through the parameters α a , in case of normal innovations, and α aj , in case of expected jump. The jump and asymmetric feedback effects are allowed to be different in expansion versus recession phases.
Effect of Macroeconomic News
The ultimate goal of our model is to capture changes in the futures returns in response to macroeconomic announcements for different phases of the business cycle. To accomplish this, we allow the macroeconomic announcements to affect the return dynamics in three distinct ways. First, we let the mean log return µ t be different in expansions and recessions:
where, following our notation above, XRI t is the probability of being in a recession phase at time t as indicated by the value of the recession index XRI-C.
The second and more prominent role of macroeconomic announcements is through the conditional jump intensity. Consistent with the empirical fact that the majority of extreme Treasury market moves have occurred on announcement days (e.g., Fleming and Remolona, 1999), we allow the jump intensity to increase on announcement days from λ 0 to λ 0 + λ k , where k denotes either the CPI release, the Employment Report (CUR and NFP) release, or the PPI release. More concretely, we model the conditional jump intensity as:
where D k,t+1 is a dummy variable signaling whether the announcement k is scheduled between dates t and t + 1. Notice that unless λ 0 = 0, which the model accommodates, jumps can occur on non-announcement days, as they do in the data. We do not expect the intensity of the jump process to be different in expansion versus recession phases. Our intuition is supported by a likelihood ratio test that shows no significant improvement for more general versions of equation (16) (results not reported).
Finally, we model the conditional mean of the jump size distribution on announcement days as a function of the new information released. To gauge the extent to which an announcement contains new information, we use the standardized measure of surprise constructed in equation (1). We allow different announcement surprises to have different effects on the jump size mean and we also allow these effects to be different in expansion versus recession phases:
The intuition underlying this specification is that the sign and magnitude of the immediate market reaction to the announcement depends on the news content. However, this link is far from deterministic in the data, which leads us to model the mean jump size, as opposed to the jump itself, as a function of the surprise. On non-announcement days, the mean jump size is equal to θ exp 0 in expansions and θ rec 0 in recessions.
Asymmetric Effects of Macroeconomic News
Given the focus of the paper on asymmetric effects of macroeconomic news, we also estimate our model with a more general version of equation (17) that allows good and bad news to have different effects in expansions and recessions. More concretely, we express the mean of the jump size as:
where G kt = 1 and B kt = 0 if the information released in announcement k at time t is a negative surprise, and G kt = 0 and B kt = 1 otherwise, similarly to the equation (3) for bond returns.
We allow the mean of the jump size to be different than zero during non-announcement days and when the actual release is equal to the median forecast.
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Furthermore, the intercept will absorb the effects of macroeconomic news on the jump size mean that are not related to the surprise.
Distribution of Returns
Conditional on j jumps occurring, our model implies the following distribution of log returns:
The unconditional distribution is then obtained by forming an expectation over the number of jumps for each date:
Finally, the likelihood function is the product of the T unconditional log return distributions.
Note that the likelihood function involves infinite summations over the number of possible jumps. In practice, we truncate the summations at 20. It turns out that, for our parameter estimates, the conditional Poisson distribution has zero probability for more than ten jumps.
We can use the unconditional distribution of returns implied by our model to construct an ex-post probability distribution for the number of jumps occurred at t + 1, conditional on the information at time t + 1:
The probability that at least one jump has occurred at time t + 1 can then easily be obtained as the complement to one of the probability of having had no jumps at all:
Results
We estimate the state-dependent jump model by standard maximum likelihood using daily data on the returns of Treasury bond futures for contracts with different maturities. Table 4 shows the estimates of the model where we allow for the effect of macroeconomic news on the jump dynamics in expansions and contractions, retaining however the simpler specifications for the conditional variance in equation (12) and for the mean of the jump size in equation (17).
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The results on the conditional variance parameters are intriguing. The feedback of the current innovation and volatility on future conditional volatility is similar at all maturities, except for the shortest, where current innovations are relatively more important. When we allow the feedback of the innovation on future volatility to depend on the ex-post probability of a jump, we infer that jump innovations are not persistent. More specifically, we observe that the feedback coefficient α is almost completely offset by α j when the observed innovation was very likely to be a jump. This pattern holds for all the maturities. Our evidence is consistent with the results of Jones, Lamont and Lumsdaine (1998), but it is more general, since we identify jump innovations endogenously rather than imposing that only announcement day innovations can have a different feedback on future volatility.
The conditional variance of the estimated state-dependent jump model leads to interesting volatility dynamics for different segments of the yield curve. In Figure 2 (12), and a jump component, as in equation (11). The plot illustrates well that the GARCH component describes the smooth changes in daily volatility, whereas jumps take care of abnormal episodes of volatility.
Table 4 also shows that in general the mean return µ is statistically positive both in expansions and in contractions, but it is always more economically significant in recessions for all maturities. This is evidence of higher risk premiums in contraction phases and is consistent with previous results on counter-cyclical risk-aversion (e.g., Engle and Rosenberg, 2002; Gordon and St-Amour, 2004 ).
The significant results on the jump parameters confirm the importance of augmenting a basic GARCH specification. The unconditional jump intensity λ 0 is significantly positive for all the maturities. This confirms our intuition that jumps can be triggered by macroeconomic announcements that are not included in our sample or by other categories of events. However, 14 The main results of the model are unaffected by the use of these simpler specifications. We return to the most general version of the model later in the paper.
the macroeconomic announcements we consider play a leading role in determining the jump dynamics. We obtain a significantly positive estimate of λ k for the CPI release, the Employment Report, and the PPI release, indicating that the jump intensity rises sharply on these announcement days for all the maturities. The Employment Report is the most important announcement in this respect. In contrast, the CPI release is usually the least important in increasing the intensity of a jump. When we compare jump intensities across maturities, we observe that the CPI is most relevant for the jump intensity of the five-year futures, but it is not significant for the Treasury-bill. The employment report has equally important effects for all maturities, less so for the two-year futures. Finally, the PPI release affects less the intensity of a jump for shorter maturities, but it turns out to have always a stronger impact than the CPI announcement. This last result is likely to depend on the timing of the announcements, where the PPI is always released at least one day before the CPI in our sample.
When we look at the parameters describing the jump magnitudes, we observe that, both in expansions and recessions, the size of the jumps is drawn unconditionally from a distribution with a negative mean, except for the shortest maturity in recessions, and a volatility decreasing with shorter maturities. Again, the macroeconomic announcements play an important role. In expansion phases of the business cycle, the estimates that are significant are generally negative, that is positive (negative) surprises in the announcements have a negative (positive) impact on the mean of the jump size. This effect is highly statistically significant for the release of NFP: when payrolls are higher (lower) than expected in periods of economic growth, the size of jumps in bond returns is drawn from a distribution with a lower (higher) mean, i.e. there is a greater probability of observing higher (lower) yields. The release of the CPI in expansions has the same effect on the long maturity, it is not significant for intermediate maturities, and it switches sign in the short term.
In contraction phases of the business cycle, however, the effects of economic releases are less clear. When the NFP is higher (lower) than expected, the mean of the jump size increases (decreases). The effect of CPI on bond returns at the longer maturities is also reversed. The release of the PPI has always a negative effect, significant however only at the two and five year maturities. This evidence suggests that it is indeed important to allow for different responses to the same announcements in expansions versus contractions. We can nevertheless obtain further insights and a deeper interpretation of these kind of results by disentangling the effect of good and bad news in good and bad times. We will devote Section 4.3 to this exercise. Table 5 presents the characteristics of the jump and volatility dynamics implied by the estimated state-dependent jump model. Panel A shows summary statistics for the jump intensity λ t , for the jump size mean θ t , and for the part of the total variance induced by the jumps (var 2,t+1 Φ t var r t+1 Φ t ), using the estimated model on all the days in our sample, considering the actual timing of scheduled macroeconomic news, and separating expansions versus contractions. We conduct non-parametric tests on the samples of λ t , θ t , and the variance induced by the jumps for the different segment of the yield curve and we find in all cases that the samples come from distributions with different medians.
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We observe that the mean jump intensity is highest for the longest maturity, it is about at the same level for the ten and five year maturity, and it decreases for shorter maturities. The median jump intensities clearly resemble the unconditional jump intensity estimates presented in Table 4 . The mean of the jump size distribution is always negative, less so for shorter maturities. There are no appreciable differences of these statistics between expansion and recession phases, except for the jump-induced variance that is lower in recessions at the very long-and short-end of the yield curve.
The proportion of the total variance induced by the jumps is highest for the two-year futures, where jumps generate on average more than half of the variance, and lower for longer maturities. This evidence on the prominence of the middle maturity range for the variance induced by the jumps is consistent both with a macroeconomic news explanation and with an order flow explanation. In fact, Fleming and Remolona (1999b) find that the high-frequency responses of 5-minutes bond yields to macroeconomic announcements over the period 1991 to 1995 have a hump-shaped pattern that peaks around two to three years. We do not observe this pattern in our analysis of returns in the previous section for our longer sample at the daily frequency. There would thus be a closer link between high-frequency returns dynamics and jump-induced variance then there is with daily returns. However, Brandt and Kavajecz (2004) observe that, on non-announcement days, the strongest response of yields to order flow imbalance is at the two-five-year maturity range. We argue that the jump innovations to the price process, triggered either by macroeconomic announcements or price discovery, are most important for the maturity range containing securities that are more universally held and used for hedging. Table 5 investigates more closely the pattern of jumps implied by the estimated model. We use the ex-post probability of having at least one jump derived in equations (21) and (22) to determine the average frequency of jumps in our sample. We observe the highest number of average jumps per year for the five-year futures. The comparison of expansions and recessions shows that for all the different futures contracts the average number of jumps is lower in recessions. We obtain further insights when we relate the jump dynamics to the pattern of macroeconomic announcements. For example, we observe that the proportion of jumps occurring on the same day of a macroeconomic release varies a lot with the maturity. Less than 35% of the total number of jumps occurs on announcement days for the two-year futures, i.e. the majority of observed jumps are unrelated to our set of macroeconomic releases, but more than 60% of the jumps occurs on announcement days for the longest maturity futures.
Panel B of
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The analysis across business cycle phases shows that in recessions jumps are slightly less related to macroeconomic news than in expansions for all maturities, except at the short-end of the yield curve, where jumps on announcement days are more frequent in recessions than in expansions.
We can investigate the same issues from a different perspective, that is the proportion of macroeconomic announcements that results in a jump. We observe that less than 30% of the macroeconomic releases in our sample causes a jump for the shortest maturitiesthe two-year futures and the Treasury bill -, whereas more than 60% of the announcements generates a jump for the five-year and longer maturity securities. For all maturities except at the short-end of the yield curve, the proportion of macroeconomic releases resulting in a jump is lower in recessions, indicating that unconditionally learning about the state of the economy from news is less than a surprise when the economy is in contraction. We can further develop this reasoning by looking at each macroeconomic release separately. The release of the CPI is more frequently a cause of jumps for the intermediate maturities and particularly for the two-years in recessions. The employment report (ER) is always the most relevant release and increases in importance with shorter maturities, whereas the PPI exhibit the opposite pattern of decreasing importance with maturity.
In Figure 3 , we summarize these results. We observe more clearly that announcements are relatively more important in causing jumps in expansions rather than in recessions and for longer than for shorter maturity securities. The release of the employment report is invariably the most influential, both in expansions and recessions. The only exception seems to be the two-year horizon, where the role of inducing jumps of the three releases that we consider is more balanced.
16 Note that this descriptive analysis has three limitations. First, we cannot talk about a causal link between macroeconomic news and jumps in a strict sense. We are only arguing that, since we observe news and jump on the same day, they are very likely to be related. Second, we are only considering four macroeconomic releases, but the set of influential announcements is certainly wider. If this is the case, the reported proportions are biased downward. Lastly, we consider that a jump has occurred when the ex-post probability is greater than 0.5 (see Table 3 , Panel B), but this threshold is arbitrary.
Specification Tests
To ensure that the model is reasonably well specified with respect to the inclusion of the timing and information of macroeconomic news, we conduct a sequence of specification tests. Specifically, starting with a version of the model with constant jump intensity (i.e., λ t = λ 0 ), we use likelihood ratio tests to sequentially examine each restriction with respect to the general model estimated in Table 4 . Table 6 shows the results of three specification tests. First, we find that, for all the Treasury futures, a constant jump intensity is strongly rejected in favor of the most general version of the model. It is thus statistically important to allow the intensity of the jump to be time-varying. The second tested restriction is to allow the intensity of the jump to be different on announcement days, but with no distinction of the announcement type. Again, we strongly reject this restriction for all the different segments of the yield curve, except for the two years. It seems therefore essential to allow different announcements to affect differently the intensity of the jump process. Lastly, we constrain the mean of the jump size to be independent on the information content of the macroeconomic release. This restriction is again strongly rejected for all the maturities. From these specification tests, we conclude that the features of the proposed state-dependent jump model are all statistically important to accurately describe the returns of the bond futures.
Asymmetric Effect of Macroeconomic News
We argue that the information content of macroeconomic news can have different effects on bond markets depending on observing good news versus bad news, in good or bad times. To disentangle these asymmetric effects, we use the general specification for the jump size mean formalized in equation (18). Table 7 presents the results for the effects on the mean of the jump size. The results on the other characteristics of the model are not different from the estimates of the simpler specification presented in Table 4 and are thus not reported. We first observe that in all cases a likelihood ratio test show a significant statistical improvement in generalizing the specification for the mean of the jump size. More specifically, it is statistically important to allow good and bad news to have different effects in good or bad times and this characteristic of the model seems especially crucial for the shorter maturities.
We observe that the parameter estimates are mostly significant for bad news in expansion phases of the business cycle. In contrast, good news in good times do not seem to systematically affect the distribution of the size of the jump in bond returns. We register the most relevant effects of the information in macroeconomic news on jump dynamics when the release of the NFP is higher than expected in an expansion phase of the business cycle. In this case, the distribution of the size of jumps in Treasury bond futures returns has a negative conditional mean for all maturities. We observe a very similar pattern for PPI announcements, with higher than expected releases leading to more negative jump size means. The announcement of CPI has the opposite impact, except for the longest maturity: a positive CPI surprise leads to a distribution of the jump size with a higher conditional mean.
In recession phases, the pattern of the relevant information is less clear, but good news (negative surprises) tend to be more important in affecting jump dynamics. More specifically, when the released NFP is lower than expected, the size of the jump in returns for shorter maturities is drawn from a distribution with a negative mean.
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This pattern is similar, although less significant, for the CPI. In contrast, jump after good news in the PPI release are drawn from a distribution with a higher mean, although this effect is significant only for intermediate maturities.
The interpretation of these results is again more meaningful, if we translate the effect of a surprise on returns to the effect of a surprise on yields. The mapping between returns and yields goes again simply through the duration of each segment of the yield curve as shown before in equation (4). In this case, we obtain the return on the underlying dP/P as the mean size of a jump triggered by a one-standard deviation announcement surprise occurring with intensity λ t . We then calculate the duration of each Treasury futures contract as the modified duration of a deliverable bond with the average maturity in the maturity range.
18
Figure 4 plots the effect of a one standard deviation surprise in NFP, PPI and CPI on the mean of the jump size distribution of yields at different maturities. We also plot two standard deviation bands, obtained from the standard errors of the parameter estimates.
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Panel A 17 We observe a negative impact on the mean of the jump size, because the parameter estimate θ rec G,nf p is positive, but the surprise is always negative.
18 The measure of bond returns is the effect of a one standard deviation surprise in the macroeconomic announcement obtained as an expected jump size times an intensity measure. As such, the change in yields can be interpreted in the same logic as the jump effect of a macroeconomic surprise.
19 We obtain the error bands of the effect on yields using the bond return dP/P computed as the jump size mean parameters plus/minus two standard errors and the procedure outlined above to convert bond returns into bond yields. This methodology delivers a good approximation of the true confidence bands, since the covariance between the intercept and the slope term of the jump size mean is negligible and negative (e.g., the covariance between θ shows the most significant case, the effect of positive surprises in an expansion phase of the business cycle. The exception is the release of the CUR, for which we actually show the effects of negative surprises, since the sign of the surprise has the opposite implications with respect to the other macroeconomic announcements.
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Yields for all maturities rise in response to higher than expected numbers for NFP and PPI releases. In contrast, the results for the release of CUR are never significantly affecting the mean of the jump size in expansion. We interpret the results for NFP and PPI as evidence that an unexpected pickup in economic growth when the economy is rising is perceived as indication of overheating, which leads short and long term interest rates to increase. The effect of a positive CPI surprise is less intuitive. We observe a general reduction in yields, with a higher yield only at the longest maturity, implying a steeper yield curve. Either an expected pickup in economic growth or higher expected future inflation would tend to raise long-term rates relative to short rates, steepening the yield curve. It is more difficult to explain why a higher than expected CPI release would reduce the mean of the jump size in yields at the intermediate maturities. In fact, the market seems to interpret positive shocks to CPI differently than PPI. However, any interpretation of the CPI results should be taken cautiously, because the CPI is often released the day after the PPI and, although we control for the PPI release in forming the CPI expectation, the results could still be affected by overreaction or underreaction to PPI news.
Panel B shows the effect of negative surprises in the NFP, PPI, CPI release and positive surprise in the CUR release, in a recession phase of the business cycle. When the release of PPI is lower than expected, we observe a general reduction in yields. The monetary policy has the expected expansionary bias, since the economy is in recession and inflation shows indications of being below analyst estimates. The release of weaker than expected NFP numbers in a recession phase does not have very significant effects. We observe a flattening of the yield curve that is consistent with future rate hikes being less likely when the economy is in a recession and payrolls are showing no sign of recovery. The release of higher than expected CUR has significant effects mostly on the ten and five-year yields, where we observe reduction in yields consistent with signs of slow growth in recessions. It is interesting to see that CUR has some significant effects in recession, but was never relevant in expansions, indicating that the bond market looks at different indicators to gauge the state of the economy in different phases of the business cycle. The release of a lower than expected CPI does not significantly affect the mean of the jump size, except that it implies higher short term yields. It is hard to interpret this result in isolation, it only makes sense when we observe that the yield curve becomes flatter. However, the release of the PPI very shortly before implies again that all inferences should be taken with caution.
Jumps and Asymmetric Feedbacks on Conditional Volatility
We further examine the effect of macroeconomic news on volatility dynamics using a richer specification for conditional volatility. More specifically, Table 8 presents the results of estimating the state-dependent jump model with the GARCH component specified in equation (13), where we allow for different feedback on future volatility of normal versus jump innovations in expansions versus recessions, and asymmetries of positive and negative innovations. We do not report the estimates for the parameters of the model that are not related to volatility, because they are very similar to the general estimation results described in Table 4. A likelihood ratio test indicates that the richer specification for the conditional volatility function is especially important for the longest and shortest maturity. In general, we observe that the feedback of innovations on future conditional volatility is stronger in recessions.
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The feedback of the jump innovations α exp,rec j is always negative and statistically significant, both in expansions and in recessions, indicating that the effect of jumps on future volatility tends to not persist. We find evidence of asymmetric volatility for the longest and shortest maturity, but only in expansions. In both cases, if the negative innovation is likely to be a jump, the higher persistence α exp a is almost completely offset by the asymmetric jump feedback term α exp aj . Figure 5 exploits the parameters estimated in Table 8 to plot the effects of positive and negative innovations in expansions and recessions, separating normal innovations from jump innovations, i.e. the innovations that were jumps with a probability of 50%. We observe the lower persistence of positive normal innovations in expansions versus recessions, but the higher persistence of negative normal innovations in expansions versus recessions because of asymmetric volatility. We also notice how jump innovations dampen persistence and this is true in expansions, recessions, positive and negative innovations.
Conclusion
We analyze the effects of good and bad macroeconomic news on bond market returns and volatility, during economic expansions and economic contractions. Specifically, we identify a high-frequency relation between yields and the economy, whereas the macroeconomic literature has typically modeled interactions at a lower frequency.
We find that the information content of the announcements is most important for bond returns when it contains bad news for the bond market in expansions and, to a lesser extent, good news for the bond market in contractions. Furthermore, the response of the bond market depends on the announcement type, on the bond maturity, and on the business cycle. We also find that macroeconomic news impact substantially the volatility of bond returns at all maturities through increased jump intensities and different distributions of the jump size. The proportion of the total variance induced by the jumps is greatest for the medium term maturities of two and five years. Finally, we observe that the impact of jumps on volatility does not persist.
Our paper shows the importance of modeling volatility in the bond market using both a diffusive and a jump component and incorporating the timing and information of macroeconomic news, allowing for different dynamics in expansions and recessions. A challenging area for future study is to incorporate these results in developing no-arbitrage models of the term structure of Treasury bond yields. This table shows summary statistics for macroeconomic news and for daily returns on the 30-year Treasury bond futures (US), the 10-year Treasury note futures (TY), the 5-year Treasury note futures (FV), the 2-year Treasury note futures (TU), and the 90-day Treasury bill futures (TB). Panel A shows the announcements, their abbreviations, the reported units of the variables, the times at which the announcements are normally released, and the number of times two announcements are concurrent (same date and time). Panel B shows statistics on daily continuously compounded returns for the full sample that is available for each futures contract. Panel C shows statistics on daily returns for the longest sample common to all the futures contracts. 
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where r t,t−1 represents the day-to-day return for each of the Treasury bond futures, XRI t is the probability of being in a recession phase at time t, and S denotes the standardized announcement surprise. The day-to-day return is computed on the 30-year Treasury bond futures (US), the 10-year Treasury note futures (TY), the 5-year Treasury note futures (FV), the 2-year Treasury note futures (TU), and the 90-day Treasury bill futures (TB 
where r t,t−1 represents the day-to-day return for each of the Treasury bond futures, XRI t is the probability of being in a recession phase at time t, S denotes the standardized announcement surprise, and G kt = 1 and B kt = 0 if the information released in announcement k at time t is good news (for the Treasury market) and G kt = 0 and B kt = 1 otherwise. The day-to-day return is computed on the 30-year Treasury bond futures (US), the 10-year Treasury note futures (TY), the 5-year Treasury note futures (FV), the 2-year Treasury note futures (TU), and the 90-day Treasury bill futures (TB). 
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We infer the number of jumps computing for each day the ex-post probability of a jump -P (n The plots show the estimated value for the function g(.) with respect to positive and negative innovations in the equation for conditional volatility: The estimates of the parameters are reported in Table 6 . We plot the effect of normal innovations -t has zero probability of being a jump -and jump innovations -t has a probability of 50% of being a jump -, in expansions versus recessions. 
